A new aerophytic species of the xanthophycean genus Excentrochloris -Excentrochloris fraunhoferiana Hofbauer, Gärtner, rennebartH, Sedlbauer, Mayer et breuer from a building surface is described. Light microscopically investigation and sequence analyses showed a clear relationship of the new alga to Botrydiopsis constricta broady. Cytomorphology and reproduction of the new species was investigated on cultures. E. fraunhoferiana differs from the type species E. gigas by bigger size of adult vegetative cells with obligate thickening of wall, and none amoeboid zoospores with one chloroplast. Adult zoospores are peripherically arranged in the sporangia. The relation to Botrydiopsis constricta is discussed in comparison with characters of E. fraunhoferiana.
Introduction
The biodiversity of algae appearing on buildings is composed of special adapted forms. Taxonomic investigations of the primary biological succession on the outer surface of buildings within the scope of a doctoral thesis documented an unexpected rich biodiversity (Hofbauer 2007) . Many taxa could be assigned even to species level, some would need further investigation and some were found to be new species which have not been described yet. These investigations listed in total more than 75 different species of algae (cyanoprokaryota and eukaryotic algae), apart from fungi, bacteria, lichens and animal organisms (in total more than 180 species), which are represented mainly as cultures. More than 20 species of algae have been identified for the first time as components of the primary biological succession of biological crusts on buildings. Among them a very peculiar species of Xanthophyceae has been isolated which appeared as an unknown species of the genus Excentrochloris (Hofbauer 2007) . Within the last few years some new genera and species of the Xanthophyceae have been described from various habitats. However it is quite a surprise that on an only a few years old surface of a modern building coating a hitherto unknown species of the yellow-green algae (Xanthophyceae) was found. In the following the new species Excentrochloris fraunhoferiana is described and depicted.
Materials and Methods
For the investigations, already established cultures were used which are maintained in the culture collection of building relevant microorganisms at the Fraunhofer-Institute for Building Physics. Additional pure cultures of the new species were set up, outgoing from still existing enrichment and interim cultures of the original analysis.
The strains originate from the surface of one specimen representing a coating of a so called mineral coating (lime or cement bound) without overlying paint. The specimen has been exposed to the local climate for three years at the Fraunhofer-Institute for Building Physics, Holzkirchen. Samples of the coating were taken and treated aseptically according to the procedure described in Hofbauer (2007) . In spite of isolation into unialgal cultures, some strains still are contaminated with bacteria. Only axenic algal strains or strains free from fungal contaminations were used. Strains are deposited in the culture collection of building relevant microorganisms established at the Fraunhofer-Institute for Building Physics, Holzkirchen) and labelled as: HOKI A 13 -A 20 and HOKI A 318 -A 321. Additionally, subcultures of the investigated strains were transferred to the algal culture collection at the botanical institute of the Innsbruck University (ASIB, Gärtner 2004).
The different strains were cultivated on solidified Bold´s Basal Medium (BBM), modified according to biScHoff & bold (1963) , and also described in ettl & Gärtner (1995) . Cultures were maintained in a 12 to 12 h cycle (light-25°C; dark, 16°C) or according to long day conditions (16 h daylight, 25°C, 8 h darkness, 16°C) on culture slants or on agar plates in Petri-dishes sealed with Parafilm within culture-cabinets (Binder company) equipped with special culture fluorescent tubes (Osram company). Unialgal cultures were propagated by periodically inoculation onto new culture medium. For investigation of zoospore development additional clones were grown in liquid cultures, with BBM.
To prove the position of the new alga within Xanthophyceae also chloroplast pigment extracts were produced by use of acetone, according to daleS (1960) . Absorption spectra of the acetone-extracts were taken by use of a standard photometer (Perkin-Elmer, Lambda 2 UV/VIS spectrophotometer).
Microscopic examination was done by light microscope (Axioscop 40, Zeiss Company) using magnifications up to x1000. Photographic documentation was performed with a Sony digital camera (MPEGMOV-IEEX). Size measurements on living cells were made from young clones in the exponential phase, in the phase of zoospore development, and from older cultures in the stationary phase. Lugol's iodine was used for contrasting the cell contents and for checking the presence or absence of starch. With use of Indian ink and methylene blue the presence of mucilage was tested. Sudan 4 was used to stain for oil. Drawings of the new species were done with Indian ink with the use of a Camera Lucida.
For a first information on the phylogenetic position of the new alga and to check consistency with morphologic data overview genetic analyses were performed. Deoxyribonucleic acid (DNA) was extracted by use of the QIAamp ® DNA Mini Kit (QIAGEN). The small subunit of the ribosomal DNA (18S rDNA; SSU) genes and of the large subunit of the ribulose-1,5-bisphosphate carboxylase/oxygenase (rbcL) genes were amplified from DNA-extracts via the polymerasechain-reaction (PCR) using the Silver Star Polymerase (Eurogentec) with the provided buffer and 2mM Magnesium Chloride (MgCl 2 ) For SSU primers according to F. riMet (personal communication) were used (table 1) whereas for rbcL primers according to dauGberG & anderSen (1997) were taken. PCR products were cleaned by using the QIAquick ® PCR Purifikation Kit (QIAGEN). Sequencing of PCR products was done by an external contract partner. The sequences were compared with those of other heterokont algae obtained from GeneBank; table 2 shows which were used for rbcL-sequence phylogenetics. Sequences were aligned using Geneious (Biomatters). The complete alignments are available from the corresponding author on request. Parsimony analysis was conducted using PAUP (Sinauer Associates; Swofford 2003). Phylogenetic bootstrapping was implemented in PAUP to assess relative support for branches in the most parsimonious trees (100x replicates for a first overview for each data set; Swofford 2003; SundberG et al. 2008) . Bayesian Analysis was conducted using the Mr Bayes-Plugin of Geneious. The applied Hasegawa-Kishono-Yano model (HKY85) nucleotide substitution model is provided by Mr Bayes (HuelSenbeck & ronquiSt, 2001) . Maximum likelihood analysis was not performed because this method does not have an evolutionary background.
Results
The modern approach in algal classification is to use the so called "polyphasic approach" (aSlaM et al. 2007; PröScHold & leliaert 2007; neuStuPa et al. 2009 ). This usually means the establishment of simultaneous and complementary consideration of morphological, biochemical and genetic characters.
First step to elucidate the position of the investigated alga within the class Xanthophyceae was investigation with light microscope and pigment analysis. For Excentrochloris the pear-shaped, irregular elongated, even fusiform or lemon shaped adult cells are very characteristic (Fig. 1) . Whereas young cells possess one or few disc shaped chloroplasts, adult ones have numerous elongated and flattened lens shaped chloroplasts, never spindle shaped. There are no pyrenoids visible (light microscopic investigation). In vegetative cells usually some of the chloroplasts are in parietal position but also many are scattered within the cell lumen (Fig. 2) . As described by tScHerMakwoeSS (1979) for Botrydiopsis alpina ViScHer also Excentrochloris fraunhoferiana shows often stacks of chloroplasts in vegetative cells. Up to now this arrangement of plastids is unique within xanthophyceae. Oil droplets within the cell plasma were identified using Sudan 4. Whereas young cells often contain several colourless oil droplets, old cells may contain a considerable large yellow or orange oil-vacuole. Soon after beginning of cell growth the cell wall develops local thickenings; only few cells remain with a regular firm membrane. This can be shown in a typical form at the frequent pyriform cells, in which the stalk like part shows a more or less thickened cell wall with a distinct stratification. In other cells the thickenings appear at both cell poles (Fig. 1) .
Older adult cells with particular growth in size regularly show a partial casting of the membrane (Fig. 3) . This is very unique. Often there remains a cap like part of the burst cell wall attached to the cell which allows estimation of the original size and form of the cell.
A further important diagnostic character is a special kind of protoplast fragmentation which is connected to the development of the cell wall. By means of aperture like increase of local cell wall thickenings at the "stem base" or at a section of an ellipsoidal or fusiform cell a part of the protoplast may be segregated (Fig. 4) . Even three portions can be formed. The parts of the protoplast are of undefined proportions, but mostly of distinctly different size. In contrast with broady (1976) a complete division of the cells never happens; the daughter protoplasts always remain enclosed in the mother cell wall. The further development of the daughter protoplasts often differs. Whereas the bigger portion soon may evolve into a zoo-or autosporangium the smaller remains in the vegetative phase, in which it usually gains further size. However sometimes the smaller protoplast degenerates and dies. opment of the coenoblasts they may convert to a zoosporangium, so not only fully sized cells but also rather small cells may release spores. In the first stage of zoospore formation the chloroplasts become transversally orientated in the periphery of the cell and a red stigma appears in each chloroplast (Fig. 5) .
After the liberation of the zoospores there always remains a reticular residue of sterile plasma in the sporangia (Fig. 6) . The zoospores which are produced in different numbers, according to the size of the zoosporangium are metabolic but do not form pseudopodia (Fig. 7a) . They always contain only one chloroplast with a red stigma. The two flagella of the metabolic zoospores are inserted slightly laterally and at the apex of the cell are two hardly visible contractile vacuoles. After a short time as swarmers (often just a few minutes) the zoospores loose their flagella and develop into globular or ellipsoidal form and start to grow. The stigma is withdrawn soon and the chloroplasts become multiplied. Autospores are also supplied with a stigma in the beginning (Fig. 7b) . Apart from small autospores which resemble rounded zoospores and possess only one cup shaped chloroplast with a stigma, bigger ones can also be seen with up to three disc-shaped chloroplasts without stigma. Often autospores form a loose aggregate outside the empty sporangium, but they are neither united by the cell walls nor by secreted gelatinous substance, and therefore separate easily. During growth most cells (spores) soon lose their globular form, become ellipsoidic or asymmetric to fusiform (Fig. 7c ) and soon multinucleated (Fig.  7d) . Only once the development of much bigger daughter cells with thickened cell walls was observed. They were interpreted as resting cells.
Since the alga presented no exceptional features within the detailed light microscopic investigation with magnitudes up to 1,000-fold, that could influence the accurate diagnosis, there was no necessity to provide different views of the ultra-structural characters by electron micrographs. These data shall be presented in a different work.
Apart from the morphological findings, the genetic investigations show clearly that the new taxon is integrated in a special position within the system of the Xanthophyceae. Different mathematical and statistical analyses of the rbcL gene in the first overview do not differ in the main results (Fig. 8, Fig. 9 , see also for accession numbers): Excentrochloris fraunhoferiana is genetically different from a close group of Botrydiopsis species . The zoosporangia open usually by a fissure, not at a formation in the wall. After the depletion of the zoospores a reticulate plasma residue is left. Soon after the burst of the sporangium the cell wall partially begins to swell (a). Scale bar 10 µm. around the type species B. arhiza borzi. The investigated strains of the new species are grouped in a clade directly beside B. constricta broady but the separation between these two forms is well supported, both after Bayesian Analysis (fifure 8) and Parimony analysis (figure 9). Both forms are within a major phyletic line with Mischococcus naeGeli and Heterococcus cHodat according to Bayesian Analysis. B. pyrenoidosa H. trenkwalder is always grouped at the base of the Xanthophyceae and can even be used as outgroup. Because the phylogenetic analysis of SSU-sequences provides similar results these are not shown here.
Discussion
The algal class Xanthophyceae, in sense of fritScH (1935), Hibberd & leedale (1971a+b) within the Xanthophyceae, each with convergent developmental stages comparable to the chlorophyceae (Potter et al. 1997; MaiStro et al. 2009 ). According to these genetic data a complete rearrangement would be needed, but the data base is chloroplasts may form a net like connection. This is interpreted in ettl (1968) as an indication of cell degeneration.
Obviously, it must be a rare taxon. PaScHer (1939) mentions similar forms from algae coats on reed stalks and from Nile mud without addressing them closer. ettl (1968) documented under the name E. gigas a smaller but also aquatic form. The first isolate of an Excentrochloris-like alga lecto-and iconotypus; cultures of the typus do not exist. The coenocytic genus is characterized above all by an irregular shape of the cells, often from a young stage on and by partially, often one-sided, layered membrane thickenings. Adult cells possess numerous chloroplasts and the propagation is facilitated by metabolic zoospores or autospores. Resting cells may also occur. Furthermore, PaScHer (1939) declares that in old cells bleached from soil was done by Vinatzer as E. sp. and cultivated in ASIB (Vinatzer 1975; Gärtner 1976 Gärtner , 1985 . A subculture of this strain in the Culture Collection of Algae at Göttingen/Germany (SAG) is kept there as Botrydiopsis intercedens PaScHer. This strain occasionally forms ellipsoidal to lenticular coenoblasts, but apart from that it has more in common with the genus Botrydiopsis than with Excentrochloris.
Morphologically relations of E. fraunhoferianum with B. constricta can be established (shape of cells and membrane thickenings). In table 3 the different characters of E. fraunhoferiana and B. constricta are summarized. The newly found E. fraunhoferiana shows, in contrast with B. constricta, nearly always irregular shape and local layered membrane thickenings, whereby the affiliation to Excentrochloris becomes evident. B. constricta was obviously included in the genus Botrydiopsis by broady (1976), because it shows mainly spherical coenoblasts and other cell shapes are rare. But in other species of the genus Botrydiopsis occasional divergence from the spherical cell shape is known (ettl 1978; ettl & Gärtner 1995) . B. constricta was only documented from the Antarctic (broady 1976), but recently was again recorded from mountainous regions of New Zealand (noViS et al. 2008 ).
Recent genetic investigations indicate that the genus Botrydiopsis is polyphyletic and therefore should be divided (neGriSolo et al. 2004; MaiStro et al. 2009 ). For B. pyrenoidosa it is even uncertain if it should be placed at the basis of the Xanthophyceae or if it belongs to a different group of algae because it is genetically so different (Fig. 8,  9 ). In this investigation it therefore could be used as an outgroup. In current investigations already a new name is proposed: Polykaryon pyrenoidosum (MiSner 2004; J.C. Bailey, personal comment, in press). For B. constricta it was shown that it certainly belongs to the Xanthophyceae but it groups at a distinct position far from the other species of the genus Botrydiopsis (neGriSolo et al. 2004; MaiStro et al. 2009 ). According to our investigations B. constricta together with the new isolates from New Zealand (in concordance with noViS et al. 2008 ) and E. fraunhoferiana lay close together. If this means that they are two species of a single genus or if they resemble species from two different but closely related genera remains to be shown in future investigations. Because of the fact that the presented phylogenetic data are of an overview character further detailed investigations shall be done.
Within the artificial family Botrydiopsidaceae some more genera exist, but many of them need further revision and investigation (bourrelly 1968; ettl, 1978) . Recently it has been shown (Juárez et al. 1998) , that young plants from a Botrydium sp. also may develop stages that are strongly suggestive of Botrydiopsis (coccale stage with spherical cells) and Excentrochloris (irregular cellform and local membrane thickenings). In cultures these stages immediately begin to grow into typical thalli.
As a further step it is planned to assess the ecophysiological capacity of Excentrochloris fraunhoferiana (e.g. temperature range, light requirement, tolerance of different humidity's and/ or solute concentrations). Since the alga produces oil substance it might also be an interesting strain for biotechnology. It has already been shown that Xanthophyceae might be grown under chemoorganic conditions (caSSelton 1966).
